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I. INTRODUCTION ~

N

As describéd in enclosure (b), Venus 3 was launched by the U.S.S.R.
on November 16, 1965 with the intention of delivering a capsule to the sur-
face of Venus. In accordance with published reports, i.e. enclosure (b) and
reference (3), the landing mission failed. Furthermore, the spacecraft
reportedly impacted the planet thus leading to speculation that Venus might
already be contaminated. Since planned and future missions to Venus are sub-
ject to planetary quarantine constraints, interest focuses on the question
whether these constraints require a quantitative re-evaluation in the light
of the Venus 3 flight. Specifically, it is often stated or implied that in

view of the high probability of planetary contamination by Venus 3, future
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missions should not be subjected to the same stringent constraints which
would otherwise be appropriate. The analysis which follows attempts to deal
with this question.

In addition to the uncertainties inherent in any estimation of
planetary contamination probabilities, this analysis is subject to uncertainties
associated with the sources of information on the flight of Venus 3. The
extent of available information is typified by the report of enclosure (b)
and reference (3). Furthermore, eﬁen the validity of available information
is, in some cases, subject to question. For example, the claim by the U.S.S.R.
that "the descending apparatus' was sterilized is in itself inadequate because
of a lack of quantitative data. However, since this claim was made after the
fact, and in view of related historical backgrcund, the truthfulness of the
claim itself is sometimes questioned. To reach meaningful conclusions in the
presence of all of the above uncertainties, the approach taken here is to cast
the problem in the same framework used by NASA to evolve planetary quarantine
constraints, i.e. reference (1), so as to permit a relative rather than an
absolute estimate. In addition, the analysis will consider two limiting cases
to represent the bounds on the probabilities of planetary contamination due

to Venus 3 and the corresponding consequences for future Venus missions.

II. SOURCES OF CONTAMINATION

Although the question of planetary temperatures for Venus is far from
being settled, there appears to be a-consensus on the fact that the only regions
where terrestrial micro-organisms could survive are the polar caps and in some
portion of the atmosphere. As described in enclosure (b), there is adequate
basis to assume that Venus 3 impacted in the equatorial regions of the planet.
The only cause of planetary contamination to be considered here will, therefore,

be the presence of terrestrial micro-organisms in the atmosphere of Venus.



Following the procedures of the supporting documentation in
reference (1), we will make a distinction between contamination due to the
sterilized probe and the various sources of contamination associated with
the unsterilized spacecraft. In general, the latter category requires
consideration of the following:

(1) impa;t of entire spacecraft

(2) recontamination of sterilized probe with unsterilized
micro-organisms from spacecraft

(3) ejecta from attitude control gases

(4) ejecta from mid-course motor

(5) micro-meteorite spalling products

(6) outgassing products

Table I, below, will serve to identify the boundary cases for the
analysis. The matrix of conditions contained in this table derives from
the uncertainty as to whether the sterilized probe has indeed been released
into the atmosphere and whether the vehicle carrying the probe impacted the
atmosphere. (Numbers in parenthesis in the row of sources of contamination

refer to the listing given above for the unsterilized spacecraft.)

Table 1
Sources of Contamination

PTobe Spacecraftly Ster.

Released Impacted Probe W) @2 (3 By (5 | 6)
I Yes Yes X X X X X X X
I1 Yes No X X X X X X
III No Yes X X X X X
Iv No No X X X X

Since Case I contains all of the possible sources of contamination,

it will give the upper bound in the analysis. Case IV would appear to be



the lower bound since it contains the fewest sources. However, it implies

that neither the probe nor the spacecraft reached the atmosphere of Venus

which is inconsistent with the basic premise of this analysis and conflicts
with the conclusion reached by the U.S.S.R. from numerous measurements during
the transit of Venus 3. This case is therefore excluded from further consider-
ation. As regards cases II and III, conclusions as to which is the lower bound
is best deferred to the point in the analysis when numerical values are applied.

We will thus examine three cases, corresponding to I, II and III in Table I.

III. ANALYTICAL FRAMEWORK

In general, the nomenclature to be used here is as given in enclosure (a)
and is identical to the proposed standard nomenclature of references (1) and (2).
In addition, we define the following terms:

P; - total probability that Venus was contaminated by
the flight of Venus 3

Pf - probability that Venus was contaminated by the
sterilized probe of Venus 3

P'* -probability that Venus was contaminated by the
Venus 3 unsterilized spacecraft.

Assuming that we will deal with values of P* and P'* much less than

unity . .
P.=P +pP'" (1
We can expand the probabilities P* and P'* as follows (see reference

2)): * s PiLe 2
(2)) P™ = pyPypePg (2)
% 1=Z(6) (phept-pl) ’ (3)

P = PrPp Pr) .

iy TYR Y61

The notation in equation (3) for i refers to the listing of contamination
sources given in Section II, i.e. i=(1) refers to impact of the entire spacecraft

etc.
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CASE I: (Spacecraft impacted and probe entered atmosphere)
It will be convenient to group the various component proba-

bilities as follows:

: 5
PI = P§'PR'Pg * (P1 Py Pé)(l) + (Pt PR PR (2) ¥ £y (PT"PRPG)

(4
The last term in equation (4) can be neglected since it is much
smaller than the second term which deals with impact of the spacecraft.
This can be justified on the grounds that (1) a probability of unity is
assigned, in this case, for the spacecraft being present in the atmosphere
of Venus but the probability of ejecta, spalling products and outgassing
products reaching Venus is much less than unity for each of these events,
(2) the probability that micro-organisms will be released in a viable state
into the atmosphere is smaller for the small particles associated with
ejecta than it is for the spacecraft, and (3) the probability of growth,
Pgs is at worst equal and, more likely, it is smaller for the various
cases of ejecta because smaller numbers of viable organisms are involved.

Equation (4) thus reduces to:

PI = PN'PR'Pg * (PPPRPY ()* PLPYPY (2 (5)
Although Case I can be studied on the basis of equation (5), it
seems reasonable to also make pp°Ps = pR-p( on the basis that although PR»
the probability of release from the landing probe, is greater than pR because
of the larger areas associated with a parachute, this would be balanced by
the fact that pé should be taken to be larger than p;, i.e. that viable

organisms which have not been subjected to a sterilizing environment are

more likely to grow and spread. On this basis, Case I reduces to:

Pi = PR'Pg [pN + pp (1) + pp (2)] (6)



Since the procedures used to sterilize Venus 3 are not known
in detail it will be difficult to select an appropriate value for Py
However, this problem does not exist in the present case since, again,
we would be adding py to pf(1) and the latter is assumed to be unity.
Thus, even if py is taken as large as 0.1, it can be neglected in relation

to p+(l) = 1. We can therefore use

PL = Pp P, [p,'r(l) + p+(2)] @)

CASE II: (Spacecraft did not impact, but probe entered atmosphere)
Since the dominant source of contamination associated with
impact of the spacecraft is not present here, the various ejecta terms
can not be immediately neglected. However, we may retain the simplification

. *
resulting from the assumption that PR'Pg = PR'PG- PII is thus

* i=(6)
P11 = PR'Pg f[pN +pr(2) + 2 (pp); (8)
i=(3)

CASE III: (Spacecraft impacted, probe not deployed)
An equation for this case can be obtained by dropping the

appropriate term$in equation (6) to give

P;H = pp'pg Pr(1) (9)

Iv. NUMERICAL ESTIMATES
For convenience, the equations for the three cases developed in

Section III are summarized below:

Pi= ppgy [PHD) + pp@)]= BBl O (Ma
X 1=(6)
Pr1 = PR'Pg [PN *pp (2 + g(s) (pT)i]= PRPe Y (8)b
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*
P =plepltep'(1l) = pltep!.
111 = PRPg pT( ) =p Py QIII (9)c

It will be noted that in each of the three cases the product pé pé
has been separated out of the summation in the parenthesis. This was done
to permit a distinction between parameters which relate to conditions at the
planet and are independent of the quarantine precaution taken by the U.S.S.R.,
and parameters which require judgment as to what the Russians did or did not
do. The parameters in parenthesis represent the latter category and will be
referred to as quarantine parameters. Their sum will be denoted as Q, as shown
in equations (7)a thru (9)c above. PR and pé will be referred to as planetary
parameters,

An estimate of the quarantine parameters will be made first in the
form shown in Table II. Where applicable, two values are given to represent

the upper and lower bounds of the estimate.

Table II
i=(6)
P-f(l) P-f(z) 2_ (p'i')i Py Q
i=(3)
0.5
CASE 1 1 10-3 N.A. N.A. 1 -1.5
-
0. 10-3 10-1
CASE II N.A.
10'g 103 10°3] 0.6 - 3x1073
CASE III 1 N.A. N.A. N.A. 1

The rationale for choosing the various numerical values in Table II

may be summarized as follows:

p%(l) - probability that spacecraft entered atmosphere.

In cases I and III this is taken to be a certainty and a value
of 1 is used.

p+(2) - probability that probe was recontaminated by unsterilized
spacecraft.

It is assumed that the Russians did not take precautions of the
type considered necessary by NASA, i.e. the provisions of a
sterility barrier, and a relatively large probability of recon-
tamination is therefore used.



i=(6)

p (pp); - probability that various ejecta will reach the
i=(3) 1 atmosphere.

The range of values used is generally compatible with data
from NASA supported studies on these sources of contamination.
It is also noted that Venus 3 mid-course and retardation motors
were apparently not operated near the planet thus justifying
low values for this parameter.

py - probability of one surviving micro-organism on the
sterilized probe:

The lower value of 1073 compares to the probability of one

survivor inherent in current NASA requirements. Since it is

not at all certain that the sterilization techniques applied

to Venus 3 will give this level of sterility assurance, an

upper bound of py = 10-1 is also used.

Table II indicates that Case III is not essential for further
consideration since it gives a value of Q not significantly different
from Case I. Case I, which assumes impact of the spacecraft and deployment
of the probe, will thus give the upper bound for the probability of contami=-
nation by Venus 3. The lower bound must be derived from Case II, which,
as will be recalled, is conditional on the assumption that the spacecraft
did not impact the planetary atmosphere, i.e. it was on a flyby trajectory
which permitted injection of the probe. Further assuming that injection
did take place, the value of Qi1 in the range of 6 x 10-1 to 3 x 10-3 would
depend on the care with which the Russians sterilized the probe and then
protected it from recontamination. In view of all of the above considerations
it appears prudent not to use a value for QII ncar its lower range. We will
therefore calculate lower limit;of‘the probability of planetary contamination
using Q1 = 5 x 1072,
To complete the numerical estimate, it is necessary to select suitable

values for the probability of growth, PG, and the probability of release of

viable organisms, PRr- Although there is little basis at present for

justifying a particular value of pé, the general impression given by those




writing on the subject is that it would be less than unity. To obtaiﬂ a
conservative estimate, we will use pt = 0.1,

In the case of pé, we are concerned with the passage of the probe,
the spacecraft or various ejecta through the atmosphere of Venus and we
are looking at two opposing events. Thus, on the one hand, there must
be an aerodynamic force to remove material containing terrestrial micro-
organisms and retain them in the atmosphere sufficiently long to produce
~growth. On the other hand, these forces can not be so high as to render the
organisms sterile in the process of removal. Allowing for a parachute descent
and favorable pressure and temperature gradients in the atmosphere, the
probability of releasing viable organisms can not be completely discounted.
However, it would also not be reasonable to assign a large value to this
probability. We will use 1072 as a conservative estimate for PR-

The upper and lower bounds on the probability that Venus 3 contaminated
the planet thus become

Pl = pgrpy-Qr = (1071)(1072)(1.5) = 1.5 x 1073
P;I = Pg'PR'Qy = (10-1y(10-2) (5.10-2) = 5 x 10-5

V. DISCUSSION
In assessing the implications of the Venus 3 flight on future

missions on the basis of the analysis presented herein, the following is
to be noted:

(a) Future missions must take into consideration the possibility
of landing in the polar regions oflthe planet, thus introducing a source
of contamination not applicable to the Venus 3 flight.

(b) The major reason why estimated probabilities of contamination
by Venus 3 are substantially less than unity, i.e. between 1.5 x 10-3

and 5 x 10‘5, is that the planetary parameters p{§ and pp Are estimated to be



small. Thus, even though the man-made events may not have been such as
to reduce the probability of introduction of a micro-organism in the
atmosphere, Venus is nevertheless not expected to have been contaminated

because of the unfavorable environment on this planet to the release and

_growth of terrestrial organisms.

Reference (1) defines the goal for planetary exploration in terms
of a probability of less thap 10~3 that contamination should occur in 100
missions (70 landers and 30 flybys). Using the upper bound of 1.5 x 10-3
estimated here, the allocation for the entire exploration program has been
used up by the flight of Venus 3, i.e. the goal of Pc<10'3 can no longer
be maintained. Furthermore, if future missions were to give a similar result,
i.e. if in every flight the spacecraft were allowed to impact the atmosphere,
there is a reasonable chance that, if planetary parameters are of the
magnitude estimated here, contamination would occur in 100 flights.

Similar arguments based on the lower bound of P .* = 5 x 107>
indicate that 100 flighté under condition similar to Case II, i.e. assuming
that the spacecraft did not enter the atmosphere, would lead to P, = 5 x 1073,
This is also in excess of the goal of PC'< 10-3 defined in reference (1.
VI. CONCLUSIONS

To the degree that the various numerical values assumed in this
analysis are valid, the following can be conciuded:

1. The flight of the U.S.S.R. Venus 3 is not in itself likely
to have produced contamination of the planet so as to render all future
quarantine precautions unnecessary.
2. Quarantine procedures associated with Venus 3 are not

consistent with the goals supported by NASA, as defined in reference (1).
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Enclosure (a)

NOMENCLATURE

'to unsterilized organisms. The absence of a prime thus denotes probabilities

P

In the nomenclature defined below, the following symbol categories are used:

(a)v Capital P will denote a probability of planetary contamination

(b) Lower case p will denote an event probability which is a component of
a planetary contamination probability (P).

(c) Prime superscripts, e.g. P’ or p’ , will denote probabilities relating

~
" relating to organisms which have undergone sterilization.

n, - number of lander vehicles launched over the time -period under
consideration. These landers will be sterilized in their entirety
prior to launch.

n.,~ number of unsterilized buses, orbiters and fly-bys launched over
the time -period under consideration.

- P,- probab111ty that any one landing vehicle, i.e. any one of the nL s will
contaminate the planet or its atmosphere. L

P'“- probability that any one of the unsterilized buses, orbiters, ot
fly-bys, i.e. any one of the nU's will contaminate the planet or
its atmosphere.

o probability that the planet will be contaminated during the time-
-, period under conéideration.

Pp - probability that one viable organism in a lander previously sub-
jected to heat sterilization, will be present on the planet surface
or in its atmosphere.

o] P - probability that one or more viable organisms not previously
heat sterilized will be-present on the pianet surface or in its

. atmosphere. . _ s

PG probability that a viable, but previously heat sterilized, organism
present on the planet surface will grow -and spread so as to contamin-
ate the planet or its atmosphere, - , _ K

, , _
p'G = probability that the one or more viabie organisms,which have not
. previously been heat sterilized and are present on the planet surface
: ‘or in its atmosphere, will grow and spread and contaminate the planet .
or its atmosphere. ‘



. e e U ,\_...._...J e e = e+ e e < - B st -

Py - probability that one organism én a lander vehicle will remain viable
after heat sterilization and transit to the planet.

Pp - probability that a viable organism if present in a sterilized lander will
be released onto the planet surface.

N - number of viable organisms in a landex after heat sterilization.
No - number of viable organisms in a lander prior to heat sterilization

.
N 7 - number of viable organisms on an unsterilized spacecraft, or portions
thereof, at the time it reaches a position to become a contamination
hazard.

N’ - number of viable organisms from an unsterilized spacecraft which are
‘deposited on the planet surface or in its atmosphere.

p'. - probability that one or more viable, but previously unsterilized organisms
will be transferred from a bus, orbiter, or fly-by to the planet or its
atmosphere,

py, - probability that viable, but previously unsterilized organisms transferred
to the planet will be released onto the planet surface or into its atmosphere.

P5y . Probability of one viable organism not previously heat sterilized, on the
planet surface or in its atmosphere.
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